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In 1963, histochemical work from this
laboratory showed that certain components of
the keratinization zone of normal human epi-
dermis reacted strongly with diazotized sul-
fanilie acid (1). From evidence detailed in this
report it was suggested that the observed
color reaction was due to histidine localized in
the keratinization zone. Confirmatory evidence
was given to this suggestion by Bernstein (2)
who showed that histidine5ll administered to
newborn rats was preferentially concentrated
in the granular layer of the epidermis and that
extracts of the epidermis revealed a bistidine-
rich polypeptide.
The presence of a region in epidermis in
which histidine is concentrated is especially
interesting in view of a number of recent
studies concerning the accumulation in skin of
urocanic acid, a product of histidine catabolism
(3, 20). The conversion of histidinc to urocanic
acid by the enzyme histidase (histidine a
of histidine catabolism in several types of
kcratinizing epithelium.
* From the Department of Dermatology, Stan-
ford University School of Medicine, Palo Alto,
California.
This worh was supported by a grant from The
John A. Hartford Foundation.
Presented at the Twenty-sixth Annual Meeting
of The Society for Investigative Dermatology, Inc.,
New York, N. Y., June 20, 1965.
MATERIALS AND METHODS
Histochemicol
Identification of histidine in tissue sections was
carried out by converting histidine to a red-orange
azo dye with a modified Pauly reagent (diazotized
sulfanilic acid) (8). Specific interference with this
reaction by prior chelation of histidine-containing
specimens with zinc in dilute solutions served as
a means of distinguishing histidine from tyrosine
and other imidazoles such as urocanic acid which
may produce colored compounds with the Pauly
reagent (Fig. 1). Throughout the study, therefore,
adiacent tissue sections were prepared for direct
application of the Pauly reagent with and without
pre-treatment with zinc. The prevention of the
Pauly reaction by zinc was required criterion for
the histochemieal identification of histidine.
Ten percent buffered formalin was the usual
fixative although a variety of other agents were
used with comparable results. Paraffin sections (6
microns) were taken to water preparatory to ap-
plication of the freshly prepared alkaline Pauly re-
agent. This solution was made by combining 20
ml distilled water with 2 ml 1% sulfanilie acid (in
10% HC1), and 2 ml 5% sodium nitrite in a Coplin
jar. Coupling was allowed to proceed for 15 min-
utes at 18°C and then 6 ml of 20% sodium car-
bonate were added. Tissue-bearing slides were im-
mediately immersed in the solution and left for 4
minutes as the solution gradually warmed. Ten ml
of 70% ethyl alcohol were added and after two
minutes the sections were taken to fresh 70% al-
cohol for an additional 2 minutes. After rapid de-
hydration in alcohols the sections were cleared and
mounted in Permount.
A variety of tissues were examined for bound
histidine by the procedure outlined above.
Normal skin with thin epidermis: abdominal
and back skin from adult rats, mice, guinea pigs,
chicks, humans, newborn mouse skin; human in-
fant foreskin; human axillary skin.
Normal skin with thick epidermis: plantar skin
from rats and humans; human skin adjacent to
fingernails; rat tail skin.
Cornified mueosal epithelium: hamster cheek
pouch; rat vaginal mucosa (estrus); esophagus
and tongue of rat.
Diseased skin from patients with: psoriasis,
actinie keratosis, chronic dermatitis, seborrheie
keratosis, congenital iethyosiform erythroderma,
squamous cell carcinoma, verruea.
Extraction procedures in tissue sections
Ten micron eryostat sections of normal adult
human skin and of newborn mouse skin were
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deaminase) comprises a major step in the
catabolism of histidine in the epidermis of
adult guinea pigs (4, 5) and humans (5). In
these tissues, unlike liver and certain micro-
organisms, uroeanie acid-degrading enzymes
have not been identified (5) and the catabolism
of histidine appears to terminate with the
formation of uroeanie acid. This substance
accumulates in the stratum eorneum of the
skin and appears to contribute to the cutaneous
absorption of ultraviolet light (6, 7, 20).
This paper extends our observations on histi-
dine and uroeanie acid in eornifying epithelium,
including further use of histoehemieal teehnics
for identifying bound histidine, and the appli-
cation of a variety of methods for the study
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freshly prepared and subjected to one of the fol-
lowing extraction procedures before application of
the Pauly reagent.
1. Pronase (50 pg/ml) ½ hour at p117 and 37°C.
2. Lipid solvents (absolute ethanol, absolute
ether, petroleum ether, acetone, 60°C methanol-
chloroform) for 15 mjnutes.
3. Phosphate buffers (0.5M) at p117 or p119 for
1 hour at 0°C., 22°C., or 37°C.
4. Phosphate buffer extraction at pH9 and 37°C
for 1 hour after sections had been subjected to one
of the following agents for 30 minutes: dry heat
(60—90°C); 10% formahn; 80% ethanol; 0.O1M
KCN; 0.001 iodoacetic acid; 0.OO1M EDTA; 5%
trichloracetic acid; absolute ethanol; absoluto
ether; petroleum ether; acetone; 60°C methanol-
chloroform.
5. Heat (90°C) or 5% trichloracetic acid do-
naturation for ½ hour prior to extraction with
pronaso (SOpg/ml) ½ hour at pH'? and 37°C.
Radioauto graphs
Newborn mice wore injected with 10 microcuries
uniformly labelled histidine3ll (Calbiochem) and
sacrificed 24 hours later. Radioautographs wore
prepared using AR-b stripping film. Optimal ex-
posure required from 2 to 3 weeks.
Enzyme determinations
Histidase assays wore based on the method de-
scribed by Tabor and Mehler (9) and modified by
Zannoni and La Du (5) for stratum corneum. The
assay measured urocanic acid accumulation fol-
lowing incubation of tissue homogenates with ex-
cess histidine at pH 9.2. Values were calculated
from the ultraviolet absorption of acidified sam-
ples (pH 1) measured in a Beckman DI'? spectro-
photometer at 269 mp.
The determination of urocanase was similar to
that of histidase except that the disappearance of
the supplied substrate, urocanic acid, was meas-
ured at pH 7.5 (9, 5).
Enzyme assays were carried out on exfolinted
scales from the trunk and limbs of 10 patients with
active psoriasis. Results were compared with his-
tidase activity of stratum corneum scales from 10
individuals without known skin disease. These
scales (20—80 mg) were obtained by scraping the
lateral surface of the leg with the edge of a glass
slide. Scales were obtained in the same manner
from uninvolved leg skin of 3 patients with psori-
asis.
Most individuals donated only a single sample
of scales, but in six instances duplicate or tripli-
cate samples were obtained from normal volun-
teers at weekly intervals.
The effect of ultraviolet radiation on histidase
activity was examined using guinea pigs since
standard experimental conditions could be easily
maintained. The hair of ii adult male albino
guinea pigs was clipped on both sides of the back
and one hour later the animals were given intra-
Fio. 1. (A) Pauly reaction on spots of L-histi-
dine, (10 pg.) tyrosine, (15 pg.) and urocanic acid
(15 pg.) separated by single dimensional paper
chromatography in butanol-acetic acid-water sol-
vent (12:3:5). All spots show characteristic orange-
red color of bisazo-derivatives of Pauly reagent.
(B) Chromatogram prepared as in (A) but sprayed
with 2 mM zinc sulfate solution and dried prior to
application of Pauly reagent. Histidine spot pro-
duces uncharacteristic yellow color with the Pauly
reagent, whereas the color of tyrosine and urocanic
acid derivatives are unaffected.
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peritoneal injections of nembutal (30mg/Kg). The
control side of each animal was masked with sev-
eral layers of white paper during a ten minute pe-
riod of irradiation from a hot-quartz lamp (ilano-
via :290—320 m/L) at a distance of 12 inches from
the hack of each animal. Two animals were killed
after each of 4 successive 24-hour periods. In ad-
dition, one guinea pig was irradiated on 3 succes-
sive days and sacrified 96 hours after the last
treatment. Two animals without ultraviolet light
treatment were used as controls. A slice of skin
0.4 mm thick was removed with the aid of a ker-
atotome from each side of the back of all guinea
pigs. The tissue was immediately frozen and stored
until assayed.
In order to determine whether blood compo-
nents contributed significantly to histidase activ-
ity in scales, determinations of this enzyme were
carried out on 1 ml samples of undiluted serum
from control and psoriatic patients as well as on
laked blood and huffy coat samples obtained from
15 ml of blood from normal controls. In addition,
assays were done on the 24-hour cultures of bac-
teria (sheep blood agar plates) from psoriatic scale
homogenate. The bacterial count in these cultures
represented 1000 to 10,000 times the estimated
number of bacteria present in an identical aliquot
of scale sample from which they were cultured.
Protein content of scales was determined by
the method of Lowry, Rosebrough, Farr and Ran-
dall (10).
Radioactive histidine degradations studies
Small pieces of skin were incubated with his-
tidine C14 and the radioactive metabolites were
identified as follows: Tissue samples (two, 4 mm
punch biopsy specimens) were minced in 0.5 ml
Hanks balanced salt solution, pH 7.3 containing 100
units penicillin-C and 50 'y streptomycin. One pC
histidine U-C'4 (New England Nuclear) was added
to each specimen and the mixture was incubated
for 2 hours at 37°C. in a closed container. Phenol
Fic. 2. Normal human adult skin from abdomen
showing concentration of histidine in transitional
layers of epidermis after reaction with Pauly re-
agent. Formalin fixation. X 365.
red in the incubating vessels showed no significant
pH changes during incubation. Enzyme action was
terminated by the addition of 10% trichloracetic
acid to the incubating mixtures. Each sample was
homogenized and washed in TCA after which the
soluble fraction was removed, dried in vacuum
and reconstituted in 0.35 ml distilled water. Ali-
quots of 0.1 ml were spotted on S&S 589 paper
and one-dimensional chromatograms were pre-
pared in butanol-acetic acid-water (12:3:5) sol-
vent for 18 hours.
Radioactive components were detected with the
aid of a paper strip radiation detector (Nuclear-
Chicago Actigraph). The Rf values of radioactive
components were compared with the Rf values of
known substances prepared by similar technics
and identified through their ultraviolet absorption
and/or Pauly reactivity.
The amount of labelled histidine converted to
urocanic acid in each sample was estimated by
differences in respective areas of the curves rep-
resenting the radioactive peaks.
Tissues studied in this way included two sam-
ples each of rat liver, rat abdominal skin and rat
esophagus; 10 samples of normal-appearing human
abdominal skin obtained at surgery or from au-
topsy specimens 6—9 hours after death; 3 fresh
surgical biopsy specimens from normal human
controls (obtained from the upper arm without
antiseptic cleansing); 3 samples of human infant
foreskin removed surgically; and 5 surgical biopsy
specimens from psoriatic plaques.
RESULTS
Localization of bound histidine in skin
In all specimens of normal thin epidermis
studied, histidine, as identified by the Pauly
reaction, was heavily concentrated in a zone
approximating the site of keratinization which
included the keratohyalin granules and the sub-
corneal layers of the epidermis (Fig. 2). Block-
ing with zinc prior to the application of the
Pauly reagent prevented the appearance of this
colored zone. The deep layers of the stratum
corneum were also strongly reactive, whereas
the more superficial layers of the stratum
corneum generally gave a less intense reaction
for histidine. The Malpighian cell layers
showed only a trace of the colored product with
the Pauly reagent. The intraepidermal portion
of sweat ducts and hair follicles were strongly
colored by the Pauly reagent in contrast to
their dermal counterparts in which specific
color was absent. In the dermis only the red
blood corpuscles showed a strong histochcmical
reaction for histidine.
The localization of hound histidine in the
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region of the stratum granulosum was confirmed
through radioautographs of newborn mouse
skin obtained 24 hours after intraperitoneal in-
jection of histidine°H.
In thick epidermis from plantar and palmar
surfaces of hands and feet, there was a strong
concentration of Pauly reactive material
throughout the stratum corneum (Fig. 3) not
all of which could be blocked with zinc, sug-
gesting that histidinc here may have been com-
bined in an unusual way or that some substance
other than histidinc was rcponsiblc for part of
the observed color.
The amount of histidinc in diseased skin was
directly related to the number of keratohyalin
granules and only indirectly reflected any spe-
cific disease. In regions where granular cells
were prominent, histidinc was usually concen-
trated in the ovcrlyhg stratum corneum. Con-
versely, in regions where granular cells were
absent, the overlying stratum corneum was not
colored by the Pauly reagent. Areas of para-
keratosis regularly gave negative reactions.
Frequently zones of parakcratosis (Fig. 4) lay
adjacent to zones of normal kcratin in the
same section and the extremes of Pauly reac-
tivity of adjacent areas were striking (Fig. 5).
In normal skin from the rat tail, alternating
areas of parakeratosis and orthokcratosis re-
flected similar extremes of Pauly reactivity.
Perifollicular areas containing granular cells
showed a strong reaction for histidinc whereas
interfollicular scaling areas, which had no
granular cells and showed some parakeratosis,
remained uncolored (Fig. 6).
In contrast to the epidermal kcratinization
zone, the keratinization zone of hair follicles
failed to concentrate histidine as indicated by
either the Pauly reaction or radioautography.
Trichohyalin granules of the inner root sheath
layers showed a moderate Pauly reaction which
was less prominent than that found in kerato-
hyalin granules or in red blood corpuscles. How-
ever, inner root sheath layers that were
kcratinizcd had accumulated more demonstrable
histidinc. Lining the orifices of hair follicles
the transitional zone of the normal epidermis
reacted strongly with the Pauly reagent down to
the level of the sebaceous gland opening.
Keratinized mucosal epithelium from the
buccal lining, tongue, esophagus and vagina of
the rat in cstrus showed a consistent reaction
FIG. 3. Plantar skin from rat showing concentra-
tion of Pauly positive material throughout stratum
corneum as well as in transitional layers of epider-
mis. Zinc binding does not entirely block Pauly
reaction of stratum corneum in this tissue. For-
malin fixation. >< 400.
pattern with the Panly reagent. Mucosal
kcratohyalin granules reacted less strongly
than keratohyalin granules elsewhere and no
significant homogeneous histidinc-containing
component of the transitional zone was present
in the specimens studied.
Histochcmical charactcrizotion of
bound histidine
In contrast to formalin-fixed sections of skin,
freshly prepared unfixed cryostat sections of
normal thin skin when studied without prelimi-
nary extraction procedures, usually retained
significant amounts of Pauly positive material
throughout the stratum corncum as well as in
the transitional zone. When such sections were
extracted in aqueous solutions at pH 7 at 37°C.
prior to the application of the Pauly reagent,
the transitional zone reaction remained essen-
tially unchanged, whereas the majority of
the reactive material of the superficial stratum
corneum had been extracted. This indicated a
difference in the character of histidinc binding
toward the surface of the kcratin layer.
The major portion of the Pauly reactive sub-
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Ftc. 4. Chronic dermatitis. Hematoxylin and eosin preparation. (A) Parakeratotic zone,
(B) zone of normal appearing stratum corneum, (C) granular cell layers, (D) Malpighian
cell layers. Formalin fixation. X 100.
Ftc. 5. Same specimen of chronic dermatitis described in Fig. 4. Pauly reaction. Note para-
keratotic scale (A) is not colored with the Pauly reagent, whereas orthokeratotic zone (B)
and keratohyalin granules of granular cells (C) show strong reaction. Malpighinn cell layers(D) show only a trace of color as in normal epidermis (Fig. 2). Formalin fixation. X 100.
stance in the transitional zone could be ex-
tracted by phosphate buffer at pH 9 and 37°C.
but was resistant to extraction by all other
solvents used. Pretreatment of tissue sections
witb beat (80—90°C.), formalin, trichloracctic
acid or 80% alcohol prevented the extraction
of transitional zone Pauly-reactive substances
by phosphate buffer at pH 9 and 37°C.; pre-
treatment of tissue sections with lipid solvents,
KCN, EDTA or iodoacetic acid had no effect on
the solution of the transitional zone substances
under these same conditions.
Whereas buffered solutions at pH 7 were
without effect in removing the Panly reactive
material of the transitional zone, buffered solu-
tions containing pronase at this p11 completely
extracted the reactive substance. Furthermore,
pronase solutions at pH 7 removed the Pauly
reactive material even when sections had previ-
ously been denatured by heat (90°C.) or by
treatment with 5% trichloracetic acid.
Histida.se determinations
The results of histidase determinations on
various skin samplings are reported in Table I.
Assayed levels of bistidase activity were sig-
nificantly higher in involved scales from indi-
viduals with active psoriasis than in stratum
comeum removed by scraping from uninvolved
areas of patients with psoriasis or from normal
control subjects without skin disease.
Scales from 6 control patients were obtained
one week after the original scraping and again
analyzed for histidase activity. There was no
significant change in the histidase activity of
these patients.
No urocanase activity was found in normal or
psoriatic scales, suggesting that bistidine catab-
olism (via the enzyme histidase) terminates in
urocanic acid production in psoriatic epidermis
as it does in normal epidermis.
Common contaminants of pathological scales
such as serum, blood cells or bacteria showed
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Fio. 6. Skin from normal rat tail showing strong reaction of perifollicular granular cells
and overlying stratum corneum with Pauly reagent. Adjacent interfollicular areas are un-
reactive. Formalin fixation. X 400.
little or no histidase activity and apparently did
not contribute significantly to the histidase
activity of psoriatie scales.
Ultraviolet radiation in wave lengths from
290—320 me to the backs of guinea pigs (ex-
amined within 96 hours after treatment) did not
appear to influence histidasc activity in the
skin. The mean histidasc levels expressed as
cmoles urocanic acid produced per hour per
gram wet weight for these samples were as
follows: skin from control animals, 16.60
2.0; skin from the experimenal side of ir-
radiated animals, 19.17 2.7; skin from the
control side of irradiated animals, 16.99 2.5.
These differences between the groups were not
significant.
Radioactive histidine degradation studies
Normal rat skin, human infant foreskin and
most specimens of skin from normal adults or
patients with psoriasis, converted histidine to
urocanic acid in vitro. An occasional specimen of
adult human skin showed no histidine conver-
sion to urocanic acid, but it was impossible to
determine whether the tissue or presampling
treatment (i.e. antiseptic cleansing) of the skin
TABLE I
Summary of histidase activity of scales from normal
individuals and patients with psoriasis
Subjects .g. urocanic acid per ngprotein per boor (mean SE)
Normal controls
Uninvolved psoriasis
Involved psoriasis
2.05 th 0.26
1.66 0.31*
4.65 0.4Sf
* Not significantly different from normal con-
trols.
f Significantly greater than control values,
P < 0.001.
was responsible. Although there were some vari-
ations, approximately 5% of the labelled sub-
strate was converted to urocanic acid by the
various types of skin studied. Since the histi-
dine-pool size of each specimen was not deter-
mined it was impossible to quantitate the
amount of histidine converted to urocanic acid.
Whereas rat esophagus did not degrade histi-
dine, rat liver converted the entire tracer dose
of labelled substrate to a variety of metabolites,
of which only uroeanie acid and glutamie acid
were identified.
r
-
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In addition to urocanic acid which was regu-
larly produced as a product of the enzymatic
conversion of histidine, chromatograms showed
another consistent radioactive peak, the mobil-
ity of which was slightly greater than that of
histidine (Rf 20—25). This substance, unlike
urocanic acid, was produced even during in-
cubations carried out at 0°C. suggesting that
the conversion may have been non-enzymatic.
This product could not be identified as hista-
mine, glutamic acid, glutamine, carnosine, 1-
methyl histidine or imidazole pyruvate.* It did
not appear in the incubating medium contain-
ing labelled histidine without tissue.
niscussro
The use of a modified Pauly reaction in
conjunction with a zinc blocking procedure has
made it possible to detect concentrations of
bound histidine in tissue sections in a variety
of types of keratinizing epithelium. It was
found that there were differences in the distri-
bution of histochemically identified histidine
related to the character of the skin in different
body sites, and that mucosal squamous epi-
thelium differed specifically from epidermis in
its localization of bound histidine. In general,
histidine concentration shows a direct relation-
ship to keratohyalin granules, whether in nor-
mal thick, or thin, or diseased epidermis. In
cornifying tissues where keratohyalin granules
are not present, such as in the parakeratotic
tail scale of the rat, the keratinization zone of
cortical hair, and in certain diseased skin, no
histidine can be detected in the overlying corni-
fled layers. These observations are schematically
represented in figure 7.
The question of whether the Pauly-positive
material in sections is actually histidine has
been discussed in detail elsewhere (1). Good
evidence of the reliability of the Pauly method
lies in the precise histological correlation
which exists between the localization of the
colored Pauly product and the localization of
radioactive histidine administered to newborn
mice. Whether unreactive areas in parakeratotic
scale and elsewhere are, in fact, free of histi-
dine is a provocative question. Since kerato-
hyalin granules appear to store histidine, and
since most unreactive stratum corneum overlies
areas where keratohyalin granules are di-
* Obtained from Calbiochem, Los Angeles.
minished or absent, it seems reasonable to
suppose that the lack of Pauly reactivity in
the stratum corneum represents n lack of bound
histidinc. However, other explanations are
possible. Bound histidine may be masked due
to the presence of inhibitory substances in
tissues which interfere with the production of a
colored reaction product with the Pauly re-
agent. Likewise, configurational changes in a
histidine-containing protein molecule could
mask groups which under other circumstances
could be chemically reactive. So far, we have
obtained no evidence favoring either of the
latter possibilities.
The nature of the binding of the Pauly
reactive histidine localized in the transitional
zone is still uncertain, although some biochemi-
cal and histochemical evidence now suggests
that the amino acid is held there in peptide
linkages. Bernstein (2) has shown that histi-
dine'H administered to newborn rats is pref-
erentially concentrated in the granular layer
of the epidermis and that extracts of this
epidermis have revealed a histidine3ll-rich
polypeptide (presumably from the same zone).
Our own experience has shown that most lipid
and aqueous solvents were ineffective in re-
moving Pauly-reactive material from sections
of skin. The Pauly reactive material from the
transitional zone remained unchanged except
when sections were incubated in pronase solu-
tions at neutral pH or in warm phosphate
buffer at p119. Since pronase hydrolyzes pro-
teins (11), loss of reactivity of the transitional
zone components after incubation with this
enzyme suggests that peptide bonds had been
broken and that the reactive component had
been freed. Similar effects obtained by subject-
ing sections to warm pH 9 buffer could be
explained by the in situ activity of an endoge-
neous hydrolytic enzyme which appeared to be
1) optimally active at pH 9 and 37°C., 2) heat
sensitive beyond 80—90°C., 3) inactivated by ½
hour treatment with 5% trichloracetic acid, 10%
neutral formalin or 80% alcohol, and 4) un-
affected by ½ hour treatment with lipid sol-
vents, 0.O1M KCN, 0.OO1M EDTA or 0.OO1M
iodoacetic acid.
In any event, it is clear that the relationship
of histidine to keratohyalin granules is close.
This relationship is interesting in view of the
electron microscopical evidence given by Brody
A. Normal thin B. Normal thick epidermis
epidermis
wJ
C. Parakeratosis
D. Focal parakeratosis
E. Mucosal epithelium
F Hair follicle
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Pie. 7. Schematic representation of distribution and concentration of Pauly rcactive sub-
stances (histidine) in keratinizing epithehum. Stippled areas show relative concentration of
Pauly reactive material. (A) Normal thin epidermis, (B) normal thick epidermis; tex-
tured-stipple indicates that substances other than histidine may be responsible for part of
Pauly reaction in this zone, (C) epidermis containing parakeratotic stratum corneum, (D)
epidermis with parakeratotic stratum corneum adjacent to orthokeratotic regions, (E)
mucosal epithelium, (F) hair follicle: keratinization zone shows no Pauly reactivity; tn-
chohyalin granules and cornified inner root sheath show moderate reaction.
(12) and Mercer (13) that keratohyalin ma-
terial may contribute directly to the structure
of keratin. Perhaps the histidine observed
histochemieally in the stratum corneum reflects
the participation of material from keratohyalin
granules in the final keratin product.
Although histidase activity in psoriatie
scales appears to be elevated as compared to
normal stratum corneum, the significance of
this difference is not certain. Our evidence
suggests tbat the contribution of serum, bac-
teria, red blood cells, leukocytes or ultraviolet
radiation to this difference was not significant.
In addition to the obvious explanation that
psoriatic epidermis converts histidino to uro-
canic acid more rapidly than does normal skin,
one must consider the possibility that residual
enzyme activity may be more prominent in
parakeratotic cells because they are not fully
cornified. Furthermore, since histidine activity
in scales may be only a reflection of enzyme
activity concentrated at a lower level in the
epidermis, scales from a rapidly growing epi-
dermis could show an increase in enzyme ac-
tivity by reflecting the normal enzyme activity
of an abnormally large number of cells.
Since urocanic acid is the principal product of
bistidase activity in epidermis, one might expect
that elevated histidase activity in psoriatic scales,
whatever the explanation for this increase, would
be associated with an increased accumulation of
urocanic acid. Preliminary data obtained in our
laboratory suggest that this is not the case
(14). Furthermore, Wbeatley (15) and Hodgsort
(16) have reported that a "urocanic acid-like"
substance present in normal scales is either di—
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minished or entirely absent in psoriatic scales.
However, since neither the photosensitivity of
urocanic acid (17, 18, 19, 21) or its solubil-
ity were taken into consideration in the above
samplings, it is possible that the urocanic acid
content of psoriatic scales may have been un-
derestimated. However, even if there is no in-
crease in the concentration of urocanic acid in
the epidermis of patients with psoriasis, there
may still be an increase in the production of
urocanic acid from histidine. If urocanic acid is
degraded or removed at a rate comparable to
which it is being produced, there may be an in-
crease in the turnover rate of urocanic acid
without an increase in concentration. The possi-
bility that urocanic acid in psoriatic epidermis
is rapidly converted into some other metabolite
is unlikely, however, since evidence from the
in vitro isotope experiments described earlier
has shown that histidine conversion in psoriatic
skin, as in normal skin, proceeds principally to
urocanic acid. Other mechanisms for rapid
urocanic acid removal, such as increased blood
flow or increased desquamation may be opera-
tive, however. No information is currently
available on this point.
It is clear that further study is required
to clarify the complex relationships among
bound bistidine, free histidine, bistidase ac-
tivity, and urocanic acid production and re-
moval in the growing epidermis. The informa-
tion already derived from histochemical studies,
however, indicates that not only the incorpo-
ration of histidine in the epidermis, but also
the removal of the amino acid is concentrated
in the region where keratinization occurs. A
specific relationship of histidine to keratinization
is as yet unknown, but the morphological and
cbemical evidence that have accumulated pro-
vide a strong suggestion that the concentration
of bound histidine in and around the kerato-
hyalin granules represents a process important
in the keratinization mechanism.
SUMMARY
Histidine in bound form, with the property
of forming a colored compound with diazotized
sulfanilic acid, is concentrated in and around
the keratohyalin granules in the cornifying
epithelium of a variety of normal and dis-
eased tissues.
Histoehemical evidence suggests that not
only the incorporation hut also the breakdown
of the bound molecule is concentrated in the
region where keratinization occurs.
In vitro isotope studies have indicated that
psoriatic skin, like normal skin, degrades free
bistidine principally to uroeanie acid.
Assayed levels of histidase activity were
higher in scales from lesions of active psoriasis
than in normal stratum eorneum. The signifi-
cance of this observation has been discussed.
It is postulated that further understanding
of histidine metabolism in the epidermis may
lead to improvement of understanding of the
keratinization process.
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DISCUSSION
Dn. HOWARD P. BADEN, Boston, Mass.: I
wonder if you have considered that the differ-
ence in staining between parakeratotic and
normal stratum corneum may be related to
variation in compactness of the two tissues.
Da. EVE HEAVEN (in closing): As Dr. Baden
has pointed out, one has to consider the possi-
bility that soluble substances will not leach out
as readily from compact tissues as from loose
tissues thus influencing subsequent staining
reactions. That the Pauly reaction in normal
epidermis is not a result of unextracted sub-
stances such as urocanic acid, carnosine or
tyrosine is shown by the zinc blocking pro-
cedures referred to earlier. That the reaction
is probably due to histidine that is tissue-bound
is indicated by radioautograms of skin obtained
after intraperitoneal injections of tritiated
histidine.
